The aim of this study was to prepare 3-hydroximino-and 3-amino derivatives of glycyrrhetinic acid and derivatives to evaluate their in vitro cytotoxicity for a panel of human tumor cell lines. Thus, commercially available glycyrrhetinic acid (1) was acetylated or oxidized at position C-3 and transformed into a variety of different esters and amides followed by their conversion to 3-oximes and amines. While the parent compound was not cytotoxic at all, the 3-amino esters are highly cytotoxic. Interestingly, 3-amino amides were significantly less cytotoxic than 3-amino esters. The (3, 18, 20) Benzyl 3-amino-11-oxoolean-12-en-30-oate was the most cytotoxic compound of this series showing an EC50 = 1.3 M for 518A2 melanoma cells.
Introduction
The roots of licorice, especially of Glycyrrhiza uralensis Fisch and G. glabra, have been used as herbal medicines for many centuries and in many cultures. Its use has been reported for the Traditional Chinese and Persian Medicine but extracts from this plant were also known to ancient Greek starting with Theophrastus in the 4 th century BC followed by their applications by ancient Romans as reported by Plinius in the 1 st century BC. In that time extracts of the root were applied as remedies for a broad variety of diseases. Nowadays, licorice is considered as a valuable natural product not only due to its use as a sweetening and flavoring agent but to its interesting biological activities, especially its cytotoxic activity and that of several of its derivatives.
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Results and Discussion
Extending our previous work concerning analogs of glycyrrhetinic acid (1, Scheme 1) 1,6-9 we became interested in the synthesis and cytotoxicity of glycyrrhetinic acid derived amides inasmuch as several amides of other triterpenoic acids were shown to be good to excellent antitumor active compounds 10-15. Acetylation of glycyrrhetinic acid (1, Scheme 1) 16 with acetic anhydride in pyridine gave acetate 2.
Treatment of 2 with oxalyl chloride in DCM followed by the addition of ammonia yielded amide 3 17 in good yield. Analogous reactions of 2 with oxalyl chloride and allylamine, benzylamine, methylamine or dimethylamine gave amides 4-7. Treatment of amides 3-7 with methanolic potassium hydroxide in MeOH/DMF followed by chromatographic work-up furnished 3-Odeacetylated amides 8-12. Jones oxidation 18 of the 3-hydroxyamides 8-12 at 25 °C for 2 hours yielded 3-keto-amides 13-17. These compounds are characterized in their 13 C NMR spectra by the presence of a C = O carbon whose chemical shift was detected between  = 217.2-217.0 ppm, respectively. These amides 13-17 were allowed to react with hydroxylammonium chloride in dry pyridine at 60 °C for 3 hours 7 followed by a precipitation of the crude product by adding 1 M aqueous hydrochloric acid. Re-crystallization from methanol or chromatography yielded oximes 18-22, respectively. Based on 2D-NOESY-NMR data, the absolute configuration of these oximes was assigned as (E). This is in agreement with previous findings reported in literature for oleanolic and ursolic acid, respectively [19] [20] [21] [22] [23] [24] [25] . 25 (64%), 26 (65%); 27 (60%).
Reduction of the oximes 18-22 with sodium cyanoborohydride and ammonium acetate in the presence of TiCl3 16 for one day at room temperature gave amines 23-27, respectively. Their absolute configuration at C-3 was deduced from their 1 H NMR spectra [coupling constant H-C (2)-H-C (3) and 2D-NOESY-NMR] as well as previous data reported in literature [26] [27] [28] [29] . This reduction was not completely stereo-selective, but the epimers of opposite configuration at C-3 were only formed in minor amounts and could not be isolated [30] [31] [32] [33] [34] . Their formation was confirmed by HPTLC-MS experiments.
Jones oxidation of 1 gave 3-keto-glycyrrhetinic acid (28, Scheme 2). Esterification of 1 gave esters 29-31; their Jones oxidation furnished 3-ketocompounds 32-34. These keto compounds were transformed via their oximes 35-38 into amines 39-42. Scheme 2. a. MeI, K2CO3, DMF, 24 h, 24 °C, 90%; b. allyl bromide, K2CO3, DMF, 24 h, 24 °C, 68%; c; benzyl bromide, K2CO3, DMF, 24 h, 24 °C, 87%; d. Jones oxidation: 28 (87%), 32 (89%), 33 (85%), 34 (88%); e. NH4OH.HCl, pyridine, 3 h reflux: 35 (93%), 36 (85%), 37 (84%), 38 (84%); f. NH4OAc, NaBH3CN, TiCl3, 24 h, 25 °C: 39 (43%), 40 (74%), 41 (42%), 42 (76%).
For biological evaluation, all of the compounds were subjected to sulforhodamine B assays (SRB) employing several human tumor cell lines and nonmalignant mouse fibroblasts (NIH 3T3). The results of these experiments are compiled in Table 1 . Table 1 : Cytotoxicity of glycyrrhetinic acid (1) and derivatives ; EC50 values in μM from SRB assay after 96 h of treatment; the values are averaged from three independent experiments performed each in triplicate; confidence interval CI = 95%; cut off: 30 M. Human cancer cell lines: 518A2 (melanoma), A2780 (ovarian carcinoma), HT29 (colorectal carcinoma), MCF7 (breast carcinoma), A549 (lung adenocarcinoma), and nonmalignant mouse fibroblasts (NIH 3T3). 
Compound
Conclusion
Facile conversion of glycyrrhetinic acid allows access to highly cytotoxic 3-amino derivatives 23-27 and 39-42. While the parent compound was not cytotoxic at all, the 3-amino esters 40-42 are highly cytotoxic for a variety of human tumor cell lines. Interestingly, 3-amino amides 23-27 were significantly less cytotoxic than 3-amino esters 40-42. Compound 42 was the most cytotoxic compound of this series showing an EC50 = 1.3 M for 518A2 melanoma cells.
Experimental
NMR spectra were recorded using the Varian spectrometers Gemini 2000 or Unity 500 ( given in ppm, J in Hz; typical experiments: H-H-COSY, HMBC, HSQC, NOESY), MS spectra were taken on a Finnigan MAT LCQ 7000 (electrospray, voltage 4.1 kV, sheath gas nitrogen) instrument. The optical rotations were measured on a Perkin-Elmer polarimeter at 20 °C; TLC was performed on silica gel (Merck 5554, detection with cerium molybdate reagent); melting points are uncorrected (Leica hot stage microscope), and elemental analyses were performed on a Foss-Heraeus Vario EL (C-HNS) unit. IR spectra were recorded on a Perkin Elmer FT-IR spectrometer Spectrum 1000. The solvents were dried according to usual procedures. The purity of the compounds was determined by HPLC and found to be >96%. The SRB assays were performed as previously reported. 10, 13 (18) Glycyrrhetinic acid (1) The starting material for all syntheses was commercially obtained as a bulk chemical from Orgentis GmbH (Gatersleben) and used as received.
(3, 18) 3-Acetoxy-11-oxoolean-12-en-30-oic acid (2) Acetylation of 1 (5.0 g, 10.6 mmol) in dry DCM (150 mL) with acetic anhydride (10.7 mL, 0.11 mol) in the presence of dry pyridine (1.0 mL, 12.4 mmol) for 24 h at 25 °C followed by usual aqueous work-up and re-crystallization of the crude material from MeOH gave 2 (5.08 g, 93%) as a white solid; m.p. 273-275 °C (lit.: 310-313 °C [16] (3, 18, 20) 3-Acetoxy-N-allyl-11-oxoolean-12-en-30-amide (4) Following the procedure given for the synthesis of 3 from 2 (2.5 g, 4.88 mmol), oxalyl chloride (1.35 mL) and allyl amine (1.0 mL, 13. (3, 18, 20) 3-Acetoxy-N-benzyl-11-oxoolean-12-en-30-amide (5) As described above, from 2 (2.5 g, 4.88 mmol) and benzylamine (2.0 mL, 18. (3, 18, ) 3-Acetoxy-N-methyl-11-oxoolean-12-en-30-amide (6) As described above, from 2 (4.0 g, 7.81 mmol) and methylamine (12 13  = 3447s, 2942s, 1742s,  1648s, 1627s, 1464m, 1386s, 1124m, 1071w  = 3547m, 3341s, 2974s, 2930s, 2863s, 1659s,  1613m, 1520s, 1455m, 1384m, 1253w, 1205m,  1179m, 1115w, 1081w,  = 3385s, 1954s, 1869s, 1652s, 1541m, 1455s,  1411w, 1384s, 1328w, 1205m, 1091w, 1025w, 13  = 3430s, 2956s, 1660s, 1590s,  1455m, 1383s, 1325s, 1217m, 1130w, 1077w,  = 3306m, 2971s, 1871s, 1695s, 1649s,  1456s, 1387s, 1367w, 1321m, 1261m, 1227m  = 3441s, 2931m, 1727m, 1654s, 1455m, 1386m 
